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The transfar function of a feedback smp'ifier of n 1dentical cascades has &
aimple analyticel expression of clogcd fowe 1f the transfer function of eath cas-
zade hee the form:

Q)= Q(i—e~%T),

vhere Q is the static coefficient of. transfer (see A. V. Mikbaylov, ZhTF, 9, 1,
1639). By trensfer functicns of & certain transmitting or transfer system we
mean the dependerce of output signal upon time, the pignal being due to a wnit-
step excitation at the input of the amplifier.

{1 frt >0,
Uy (t)= 0 fort <49

The dynamic coefficient of transfer of one cascade represented as o Laplace-
Carson transfer functicn 1s : '

Apl=—i7y

The dynamic coefficient of transfer of an amplifier of n ~ascades without
feedback is - -
Q)= Q"(p)= 2
o= k- ——

Upon introducing into an amplifier a feedback circuit which feeda imto the
input of the amplifier B-th part of the aignal from the output, we obtain the
folloving coefficient of transfer of an amplifier

Q*(p)
03 ( p) R 7
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-1 -
- ATt
CLASSIFICATION  CONFIDENTIAL Wi ==t inkg
A MSRB DISTRIBUTION
Al

]

WX 1 L

- . L 3 — R P B 3 >
Sanitized Copy Approved for Release 2011/10/12 : CIA-RDP80-00809A000600280514-0 |




Sanitized Copy Approved for Release 2011/10/12 : CI-RDP80-OO809A00060280514-0 -
50X1-HUM

3 :l 4
L laeblAL
CONFIDENT IAL

¥Or @ transler 1unction 0L an awpliiler Ou cagcades wiih uegeiive Tecdlucl
(B ¢0), it is possible to cbtain by a well known method the following expression,
originating from {4} above:

Q" a* et
l+§0’l Z TP;é,(’+TP7’e« n—i

a,(t)=

Here pk are the roots of the equation

i+ Tp) 4B Q" =0

and

” ’ v
I+ TP);V__@Q= & -\n/"é'(am_(_’i’_ifllr_ -+ j sin (_"3’;?2;\‘)1(),

where =0, 1l,..., n-1 and s==k-1,

For n even, all the roote of equation (6) are ccmplex paired conjugat»s, for
n odd, one root n—|
(S == 5 )

i real snd negative, with the others complex puired conjugetes. The geperal ex-
pression for the rocts 1is:

. no_. - _ )
Fk;—_L [—}-,*' 0\/-@ cos _(_l.ia_s.'”'___ +j qu sir (/_+25)7r } | 8

After substituting in (5) these roots {8) and after pairing the terms virh con-
Jugste Toots, we obtain the expression for (5), the transfer function, in the

following form:

Where n 1s even:

w | Bn
Q=% Q2 .L’Jﬁ sinfvk T4 Qk) S
Z Z; V(o) 2a{ges S5

When n is odd: "
I _aQVve _ 1)L
Qs (t)= l—-f—qﬁm—”—e_n——%-__e (H'Q'V'S)T.’
I+ava

QV’F Ya{u—1) sin (vit-+gp)
X ) 2VF e 2T

Here the coafficient r.»f Camping is
. . R
""‘.;:.’ }.i - Q Vﬁ cos _—“+is’t} J

the freaw ~f patural (free) vacillation is:

e~”pt

, "o |
vkr":'TQV‘@ cin (I-I-Zs/?r}.
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and the phase angle is
@ Vi —eos 20T

sin (U +2s)7r
IR

Po =" arety

The stebility of en mmplifier is determined by that conditien for which the
minimum coefficient of dmmping yk, which holds for s equal to O, is positive and
is expregsed by the followlng inequelity:

%,
Q % ens -7— < l!
I3

: , : (14)

for then the stability does not depend upon tne tima constant T of the cascades.

For the case of positive feedback (B>C), the roots ou the complex plame ere
displaced clockwise, with reepect to the circle giving the roots' position for
the cese of negative feedback, by an angle equal to 7 .

The transfer function of the ccefficient of demping, the frequencies of free

oscillation, and their phase sre expressed by formulas similer to those above,
but with the substitution in them of the argument :

(_____’+ZS)7T by 2sm .
7 "

The stabilirty condition holds for s==0 wben the root has only a real part and
satisfies the inequality:

n,_
SAV/Z QR (15)

That is, for positive feedback and =1, thc at.tic coefficient of transfer Q of
one cascade of steble amplifier cannot exceed unity, regardless of the magnitude of
the time constant T. {See K. A, Krug's "Transitional Processes in Linear Electricel

Circuits”, 1948.)
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